Background: Paediatric sleep disordered breathing (SDB) affects 14% of children and is associated with adverse neurophysiological sequelae. Tonsillectomy +/− adenoidectomy (TA) is the most common first line treatment for SDB however objectively measuring outcome remains difficult. Polysomnography (PSG) is used to diagnose obstructive sleep apnoea, but is time consuming and difficult to access. This paper looks at the ability of sleep questionnaires to predict which children will benefit from TA for SDB as an alternative to
Introduction
Paediatric sleep disordered breathing (SDB) encompasses a spectrum; ranging from the 14% of children who habitually snore, through to those with upper airways resistance syndrome (UARS), and finally to the 1-3% with obstructive sleep apnoea (OSA) where there is intermittent, complete airway obstruction (1) . SDB is associated with adverse neurocognitive and physiological sequelae and successful treatment has been shown to improve both long-term social and cognitive potential in children (2) (3) (4) (5) .
One of the main causes of SDB in children is adenotonsillar hypertrophy and tonsillectomy +/− adenoidectomy (TA) is the most common, first-line treatment for SDB that can impact a child's wellbeing (6) . However, the pathogenesis of SDB is not solely based on adenotonsillar size. Contributions are also made by the tongue base, pharyngeal muscle tone, surrounding soft tissue bulk, and craniofacial structure (7) . The complex aetiology of SDB makes it difficult to predict which child will benefit from TA and explains why clinical examination is seemingly poor at identifying children with OSA when compared to polysomnography (PSG) (8) .
PSG is considered to be the gold standard of diagnosis for OSA. It assesses sleep related physiological variables and the resultant apnoea-hypopnoea index (AHI) is used to define OSA and its severity. However, using AHI as a measure of surgical outcome in the larger SDB group gives seemingly poor results. Previous studies have shown that TA will reduce the AHI in 79% of children with SDB (9) but only 60% will be normalised or "cured" (AHI <1) (10) . Furthermore, PSG is time consuming, places a high burden on the child and family, and is not easily accessible in most centres.
In contrast, quality of life (QOL) questionnaire results have shown significant improvement in up to 95% of SDB children after TA (11) (12) (13) . A variety of these questionnaires have been designed to assess SDB associated QOL. Despite being validated against PSG, they have a wide range of sensitivity and specificity for identifying those with OSA (14-16). Our study aims to assess the ability of sleep questionnaires to predict improvement following TA for children with SDB. Our hypothesis was that initial sleep questionnaire scores could be used to predict which children would most benefit from TA.
Methods
This is a case-control study. The primary aim was to assess the change in questionnaire score, following TA undertaken for SDB and to compare this to children who did not have SDB.
Participants
Case participants were eligible for inclusion if they were aged between 3 and 12 years at the time of recruitment and were on the surgical waiting list for adenotonsillectomy at Dunedin Public Hospital as treatment for adenotonsillar hypertrophy. Children had to live within the greater Dunedin area with access to a parent or guardian who was able to provide requested information. Children were excluded from participation if they displayed evidence of gross motor or sensory deficits, had significant medical comorbidity, or a diagnosis of Autism or psychoses. Control participants (without a documented history of snoring) were recruited through early childhood educators, caregivers and the Early Learning Project list (comprises children in the community whose caregivers consented to being contacted about research projects conducted in the University of Otago, Psychology Department). Children were enrolled in two overlapping studies assessing other aspects of SDB in childhood (SDB measurement and behaviour) and the number of children recruited into these studies dictated the sample size. Recruitment and relevant assessment methods for were identical for both studies. The University of Otago Human Ethics Committee gave ethical approval (H13/040 and H14/029) and informed consent was obtained from the caregivers of participating children prior to their inclusion into the study. The studies were conducted between October 2013 and March 2015.
Measures

Participant characteristics
At baseline, demographic and anthropometric data was collected which included age, sex, weight and height to calculate body mass index (BMI), ethnicity and deprivation index. BMI-for-age z-scores were calculated using WHO growth standards (17) . Ethnicity was coded using a prioritized system where participants were assigned a single ethnic group using the following New Zealand Ministry of Health priority system (18): Māori (indigenous New Zealanders), Pacific Islander, Asian, other ethnicities (except NZ European), and NZ European. The New Zealand Deprivation Index (NZDep2013) (19) was used as an index of neighbourhood deprivation based on the participant's address at baseline. This index ranges from 1 to 10, with 1 representing areas of least deprivation, and 10, areas of highest deprivation.
Questionnaires Paediatric Sleep Questionnaire (PSQ)
The PSQ has 22 questions encompassing 4 domains: sleep related breathing, snoring, daytime somnolence, and behaviour. The rater indicates the presence or absence of the behaviour or symptom item by answering "yes", "no" or "don't know". The answers are scored as "0" (symptom absent) or "1" (symptom present) and the overall score is calculated as a proportion of positive answers with a score greater or equal to 0.33 being considered predictive for SDB (20) . For children aged 2-18 years, the scale has good internal consistency (α =0.88) with a sensitivity of 0.85 and specificity of 0.87 for identifying children with sleep related breathing disorders.
OSAS QOL Survey (OSA-18)
The OSA-18 has 18 questions encompassing 5 domains: sleep disorder, physical distress, emotional distress, diurnal problems, and caretaker preoccupation. Each item is rated for frequency of occurrence on a 7-point Likert scale by the caregiver. The scores on each of the 18 items are summed to produce a survey score ranging from 18 to 126 and a score greater or equal to 60 is considered predictive for SDB (21) . Scores of <60 indicate a small impact on QOL, 60-80 indicate a moderate impact on QOL, and 80+ indicate a severe impact on QOL. All items in the scale have good test-retest reliability (r >0.74). The scale also demonstrates relatively good construct validity; OSA-18 scores have been correlated with the respiratory disturbance index on 90-minute nap PSG for children aged 6 months to 12 years (21) .
Parents of enrolled children were asked to complete both questionnaires at least 3 weeks prior to surgery and then again between 3 and 7 months after surgery. Parents of the control group also filled out the questionnaires with a similar time interval.
Sleep studies
Children underwent a one-night Level 3 sleep study at baseline and at 3 months post-surgery, using an in-home portable device (Visi Black Shadow device; Stowood Scientific Instruments Ltd., UK). Recordings included pulse oximetry, ECG, nasal airflow and pressure, inductance plethysmography, snoring presence and loudness and actigraphy. Respiratory data were first scored automatically using the customized software excluding movement events indicative of waking. Respiratory events were then manually edited over 30 second epochs by a sleep researcher (blinded to patient information including testing sequence). The AHI was calculated according to the American Academy of Sleep Medicine (AASM) criteria for scoring paediatric respiratory sleep studies (22) . An obstructive apneic event was defined as an airflow decrease ≥90% from the pre-event baseline for at least two respiratory cycles (2 breaths), with continued chest wall and abdominal wall movement. An obstructive hypopnea episode was defined as a decrease in nasal flow ≥30% (lasting at least 2 breaths), with a corresponding decrease in oxygen saturation ≥3% and at least one surrogate indicator of arousal (movement measured by actigraphy, changes in snoring sounds, >10% increase in heart rate or abrupt changes in thoracoabdominal effort) (23) . A central apnoea was defined as a decrease ≥90% of the pre-event baseline measured by thermistor or a valid alternative sensor, lasting 20 seconds or at least the duration of two breaths and associated with a ≥3% oxygen desaturation or arousal indicated by surrogate measures as above, or lasts at least the duration of two breaths and is associated with a decrease in heart rate to <50 BPM for 5 seconds.
Statistical analyses
Data was analysed using Stata 15.1 (StataCorp, Texas, USA). Differences in baseline demographic and health characteristics between the surgical group and the control group were tested using either a t-test with unequal variances (age and BMI z-score) or Fisher's exact test (sex and ethnicity). Differences in AHI, PSQ, and OSA-18 scores between groups were determined using t-tests with unequal variances, both before and after surgery. Mean differences between the groups and 95% confidence intervals (CI) were calculated, along with P values. Mean change in these scores after surgery (or after a similar timeframe in the control group) were calculated along with 95% CI. To determine if the change in scores was different between the surgical group and the control group, a t-test on the changes was undertaken. Additionally, to account for the very different baseline values between groups for each of the measures, a regression model for change in scores between groups with adjustment for baseline was also carried out.
As cut-off scores for PSQ (≥0.33) and AHI (≥1) are often utilised to assess whether SDB is present or absent, these were used to determine the number of children in the surgical group who had improved (score below the cut-off after surgery) or not improved (score above the cut-off after surgery). A McNemar's test assessed whether one of these measures was more likely to detect improvement than the other. This was carried out in all surgical children, and then again only in the surgical children who were above the cutoff scores before surgery.
Results
Sixty-four children were included in the study, 45 in the surgical group and 19 in the control. While the initial questionnaires were completed for all children, 5 in the control group did not have follow-up questionnaire scores. When plotting change in questionnaire score over time (Figures 1-3 ) only children with scores at both time points are shown (surgical group n=40, control group n=19). Not all children underwent overnight PSG before and after surgery, 6 of the surgery group and 9 of the control group did not have the initial PSG and 3 of the surgery group and 11 of the control group did not have the second PSG. This did not reduce the number entered into the study, but influenced comparison of AHI with questionnaire scores.
There were no differences in demographics between the surgical and control groups at baseline (Table 1) , although the surgical group had a slightly higher percentage of Māori children (20% compared to 11%). The PSQ and OSA-18 both scored significantly higher for the children with SDB prior to TA ( Table 2) . Following surgery, the scores were similar to the control group and there was a significant drop in the mean AHI, although it remained higher than for the control group. There was a significantly greater decrease in AHI, PSQ, and OSA-18 scores in the surgical group compared to the control group over the time when the surgical group had their TA ( Table 3) . However, after adjustment for baseline scores only the PSQ demonstrated significantly greater decreases in scores compared to the control group. Therefore, independent of baseline score, the PSQ was the most sensitive measure to detect improvement in SDB after TA. When the usual cutoffs were applied to the post-surgical data, both AHI and PSQ performed similarly in detecting improvement in SDB ( Table 4) . Figures 1 and 2 show the change in questionnaire score for each child with the cut-off score marked. Both graphs show that for most children undergoing TA for SDB there was an improvement in QOL score following surgery, whereas the control children showed little change in score. Considering the PSQ surgical group, 6 children scored below 0.33 preoperatively and 4 of these had minimal change in their postoperative score. There were also 6 children in the surgical group that remained above the 0.33 cut-off following surgery, although all but one had reduction in their scores. All the control children scored under 0.33 at their initial assessment; however, three scored above this level in the later assessment. The OSA-18 graph shows similar trends in scores but a larger proportion (52%) of the SDB group had a pre-operative score below the cut-off. The raw data showed that 88% of children considered by clinicians to have SDB sufficient to warrant TA had a PSQ score >0.33; in contrast only 48% of the same children had a raised OSA-18. Among the SDB children with a PSQ score >0.33, 83% had a post-operative score below 0.33, whereas 45% of children with a pre-operative OSA-18 score >60 had a post-operative score of less than 60. Another way of looking at this is that 73% of children clinicians considered sufficiently symptomatic to warrant TA had a PSQ <0.33 following surgery, compared to 45% improved according to the OSA-18.
Discussion
A major dilemma in the management of paediatric SDB is the contrast between objective and subjective outcome measurements. PSG is the current gold standard for diagnosing OSA, the AHI accurately reflects its presence and can indicate severity (11) . PSG is time consuming to perform and difficult to access. Our institution can only offer paediatric PSG as a research tool, which renders it clinically irrelevant as part of the assessment of children referred with symptoms of SDB. Furthermore, PSG does not quantify the impact that a specific AHI has on an individual's QOL. Kang et al. (10) reviewed 119 children undergoing AT for SDB, 93% had improvements to their OSA-18 score to below diagnostic cut-off, whereas only 54% had a postoperative AHI that was less than 1. This supports the opinion that AHI does not fully reflect the effect that SDB breathing may have on an individual. On the other hand, it may be argued that questionnaires are more open to bias and do not accurately reflect changes in symptoms.
Regardless of any perceived or actual bias, our results show that the PSQ has the potential to better identify children who will benefit from AT for SDB than the clinical assessment. The PSQ was originally developed by Chervin as a research alternative to PSG (20) ; scores above 0.33 being more strongly associated with an elevated AHI. Previous studies have shown the PSQ to have a sensitivity of 85-89% and a specificity of 41-87% for predicting an AHI >1 (1, 24, 25) . Our results show that children with PSQ scores above 0.33 are likely to experience improved QOL following TA. They were also significant in that children who scored less than 0.33 pre-operatively did not show any benefit from TA. While a low pre-operative score inherently leaves less room for improvement, it suggests that the PSQ also has a negative predictive value. This is consistent with Chervin et al. (26) who reported that children with suspected SDB and low PSQ scores were more likely to self-resolve without surgical intervention.
The other questionnaire used in our study was the OSA-18. This was initially designed by Franco et al. (21) and validated using AHI derived from 90-minute nap PSGs after sleep deprivation the previous night. Multiple studies have shown that OSA-18 scores consistently improve after TA (3, 27, 28) . However, when OSA-18 is compared to AHI there is variability in the reported sensitivity and specificity (11, 15, 16) . Borgstrom et al. (14) found OSA-18 had a sensitivity of only 32% for identifying children with moderate to severe AHI, although specificity was 88%. The study also highlighted the potential inaccuracy of using nap rather than overnight oximetry. The authors concluded that whilst OSA-18 can document QOL, it has a high chance of missing children with severe SDB if used as a screening tool.
In contrast with both the PSQ and the AHI scores, over half of the pre-operative TA group scored below the OSA-18 cut-off, reducing the number of children who would have been recommended TA. Despite this all but one of the post-operative scores in the surgical group scored below the cut-off. These results are consistent with previous reports where OSA-18 scores improve significantly after TA (10, 11, 13) . As an outcome measurement tool, the change in OSA-18 scores trended towards significance but was not as marked as the PSQ.
Among the control group most children showed little change in PSQ and OSA-18 score and this is to be expected as these are otherwise healthy children not suspected of having SDB. Some children showed an increased score at the second assessment; SDB is a dynamic condition and it is recognised that across childhood some children will cease snoring whereas others will develop snoring (29) .
Our AHI data showed that the majority of the surgical group had OSA prior to their surgery, with 33% having AHI >1 post operatively. This is consistent with the results of a meta-analysis by Lee et al. (30) where they showed that residual OSA can be found in 51% of children after TA for SDB. A weakness in our study was that PSG was not performed on all participants and this limits our conclusions about the relationship between AHI and PSQ; for example, the sensitivity and specificity of PSQ as a predictor of AHI among our group.
A further limitation was the sample size, in particular the smaller number of children in the control group and those with AHI scores. However, estimates of the differences between the groups are presented, along with 95% CI, so that inferences do not need to rely solely on P values.
In summary, our study has shown that the PSQ may be used to identify otherwise healthy children, with sufficient SDB symptoms, that improved QOL may be expected following TA; and of equal importance, those who will not. As PSG is not easily accessible outside of major tertiary centres, we suggest that the PSQ could be used as an alternative tool to help identify children who will benefit from TA and prevent unnecessary surgery being carried out on those who will not. Further studies are needed to determine if these results are maintained in larger cohorts.
